Introduction: Measures of heart rate variability (HRV) have shown potential to be of use in training prescription. Purpose: The aim of this study was to investigate the effectiveness of using HRV in endurance training prescription. Methods: Forty recreational endurance runners were divided into the HRV-guided experimental training group (EXP) and traditional, predefined training group (TRAD). After a 4-week preparation training period, TRAD trained according to a predefined training program including 2-3 moderate (MOD) and high intensity training (HIT) sessions per week during an 8-week intensive training period (INT). The timing of MOD and HIT sessions in EXP was based on HRV, measured every morning. MOD/HIT session was programmed, if HRV was within an individually determined smallest worthwhile change (SWC).
INTRODUCTION
Large individual variation in training adaptation has been observed after standardized endurance training. It is typical that some individuals show great improvements (even to 40 %) in maximal oxygen uptake (VO 2max ) or endurance performance after standardized endurance training, while some individuals show no changes or sometimes even a decrement in endurance performance (5, 7, 36) . In our previous study (34) , a slightly smaller variation in improvement of endurance performance was observed after 8 weeks of both high intensity (HIT) (0 -10.2%) and low intensity training (LIT) (-2.8 -4.1%), when training volume and frequency were individualized according to individuals' previous training history. However, some nonresponders (change in endurance performance ≤ 0%) were observed, which proposes that a more precisely and comprehensively individualized training program would be beneficial for achieving greater improvements and smaller variation in the adaptation to training.
Cardiac autonomic regulation is an important determinant of endurance training adaptation.
Baseline vagal mediated resting heart rate variability (HRV) has been shown to be related to greater improvements in VO 2max and endurance performance after endurance training in different populations (2, 12, 13, 33, 34) . In addition, increased resting HRV during a training period has been related to improvements of endurance performance or VO 2max (6, 7, 10, 12, 22) .
It has been proposed that training prescription according to the status of cardiac vagal activity may be a beneficial method to improve endurance training adaptation. Kiviniemi et al. moderately fit men (19) and in endurance performance among healthy (18, 19) compared with individuals who trained according to a traditional, predefined training program. Women benefitted from HRV guidance by achieving the same significant improvement in endurance performance with a lower amount of HIT compared with predefined training (18, 19) . In studies of Kiviniemi et al. (18, 19) training prescription was based on daily, single HRV measurements.
However, Plews et al. (24) suggested that it is more valuable to use longer trends of HRV, e.g. a
week rolling average compared with assessing its value on a single day. In addition, Plews et al. While determinants of endurance performance are widely accepted, the optimal training volume and intensity distribution is still indefinite (31) . The majority of endurance training studies presents a high proportion of high volume, LIT among endurance athletes, but also a polarized training model with a higher amount of HIT has proposed to be an effective training model especially in high level athletes (21, 30) . Furthermore, increasing training intensity would be more effective compared with increasing training volume also in sedentary adults (28) . Recent studies have shown that changing the periodization of LIT and HIT without changing the training intensity distribution may have a positive effect on performance improvement (26, 27).
Traditionally, periodized endurance training includes usually single HIT sessions, e.g. two times per week, simultaneously with low-and moderate-intensity training trying to develop many fitness components at the same time. On the contrary, block training includes shorter training periods (1-4 weeks), when the aim is to develop a few selected fitness components (17). significance level of 5%. The subjects did not have any diseases or use regular (e.g. daily) medication for any kind of chronic or long-term diseases. They had at least 2 years of regular endurance running training background. Age, VO 2max , regular training background and weekly running kilometers during the previous two months were for women 34 ± 8 years, 49 ± 4 mL· kg -1 min -1 , 13 ± 8 years and 34 ± 22 km; and for men 35 ± 7 years, 56 ± 5 mL· kg -1 min -1 , 15 ± 8 years and 39 ± 19 km. After being fully informed about the study design and the possible risks, all subjects provided a written informed consent document. The study was approved by the Ethics Committee of the local University. Maximal running tests. The subjects were asked not to do any vigorous physical activity two days prior to the running tests. The subjects performed an incremental treadmill test, starting at 7 km·h -1 for women and at 8 km·h -1 for men, and followed by an increase of 1 km·h -1 every third minute until volitional exhaustion. The incline was kept at 0.5 degrees during the whole test. HR was recorded continuously using a heart rate monitor (Suunto t6, Suunto Ltd, Vantaa, Finland). Oxygen consumption was measured breath-by-breath throughout the test using a Training. During PREP, all subjects were asked to maintain the same training volume as before the study. The period followed a periodization model of three hard training weeks followed by an easy training week with progressively increasing intensity throughout the period (Table 1) . Endurance training was mainly running but the subjects were encouraged to do at least one easy session per week in some other training mode than running (i.e. cycling or crosscountry skiing). In addition, muscle endurance circuit training was instructed to be performed once a week. When RMSSD 7day was within the SWC, only MOD and HIT sessions were performed. If RMSSD 7day fell outside the SWC, the subjects trained only at low intensities or rested. When RMSSD 7day returned to the mean level of the SWC, the subjects started to perform MOD and HIT sessions and continued until RMSSD 7day fell outside the SWC. The subjects remained the same number of training sessions and rest days on every week compared the preparation period regardless of HRV. The SWC was updated after the first four weeks of INT based on the values over the previous four weeks due to previous findings about a relationship between an increment of resting cardiac autonomic activity and improved endurance performance (6, 7, 22) .
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Training monitoring. The subjects controlled their training intensity by measuring their HR
and RS during all exercises using Garmin FR 610 heart rate monitor with GPS (Garmin Ltd, Schaffhausen, Switzerland). In addition, the subjects rated their perceived exertion (RPE) and recovery feelings using the scale of 0 -10 after each training session (3) and reported possible other stress factors e.g. sicknesses, injuries, work/school stress in their training diary via a cloud service. HR data was used for determining the times at the three different training intensity zones; low (below LT 1), moderate (between LT 1 and 2) and high (above LT 2) intensities.
Weekly main training sessions were supervised by experienced members of the research group. 
RESULTS
A total of 31 subjects (13 in EXP, 18 in TRAD) completed the whole study. Nine subjects dropped out due to injuries (n = 2), sicknesses (n = 2) and insufficient compliance with the training program (i.e. < 90% of all training sessions in EXP and more than 2 main training sessions missing in TRAD during INT, n = 5).
No differences were observed between the groups in training during PREP ( Table 2) . Individual ranges in the change of RS 3000m were from -1 to 6% in EXP and from -4 to 8% in TRAD. One subject in EXP and five subjects in TRAD showed decrements in RS 3000m , while other subjects improved or maintained their running performance over INT. Otherwise, LIT or rest was programmed. The HRV-guided group showed 7% improvement in VO 2max and 6% improvement in maximal running performance, while the predefined group improved by 4% in running performance and maintained VO 2max after four weeks of training.
The change in running performance was greater in the HRV-group (19). The present study expressed similar findings. Maximal running performance and RS LT1 improved in EXP but not in TRAD, whereas VO 2max and RS LT2 improved in both groups. The group difference in the change of running maximal performance (2.1% in EXP vs 1.1% in TRAD) was rated as small in qualitative and as non-significant in the t-test analyses. However, in practice the difference of 1% in sport performance can make the difference between winning and losing (9) . The finding may suggest that it may be possible to identify more optimal timing to receive vigorous training stimulus according to HRV compared with subjectively, predefined training.
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It is worth considering that the slightly greater improvement in 3000-m running performance was achieved with a lower frequency of MOD and HIT sessions in EXP compared with TRAD. 
Individual variation in the adaptation. Large individual differences in training adaptation
after standardized endurance training are common (5, 7, 36) . In the present study, EXP showed a slightly smaller range (-1-6%) in the change of RS 3000m compared with the predefined training group (-4 to 8%), while the individual range in the amount of HIT sessions was larger in EXP (5 to 24 sessions) compared with TRAD (11 to 21 sessions). This finding suggests that HRV based timing of HIT may be beneficial for diminishing variation in the adaptation. However, one subject in EXP failed to improve running performance during INT ( Fig 3C) . The subject trained only at low intensities during the last five weeks of INT because his RMSSD values were below the SWC. Reduced HRV was mainly induced by work stress and it caused challenges to the function of the HRV based training prescription method. Regardless, it might be assumed that neither the predefined HIT training in that kind of stress state would result in optimal training outcomes and LIT is recommended for enhancing the recovery process. On the other hand, the insignificant correlation between the training adaptation and the number of MOD/HIT sessions showed that the adaptation to training was independent of the amount of vigorous sessions. Some individuals responded well to the high amount of MOD and HIT ( Fig 3A) , while other individuals ( Fig 3B) achieved good responses with the smaller dose of MOD/HIT sessions. This can be partly explained by our previous finding (34) , which showed that some individuals respond better to LIT and some individuals to HIT. It seems also that individuals' recovery of HRV and further capacity to cope vigorous training are different. Subject A (Fig. 3 
Methodological issues to use HRV in training prescription.
In the present study, the HRV based method to prescribe training was different compared with the method by Kiviniemi et al. (18, 19) . We used the vagal mediated, time domain index, RMSSD, instead the HFP spectral density because it has been proposed that RMSSD has greater reliability compared with HRV spectral indices (1) . Furthermore, in the present study, 7-day rolling average was used because it worth considering that HRV response to training is individual and it can vary in different situations. For example, it can be seen in Fig 3A that HRV decreased during the first and third MOD/HIT blocks but during the second block it oppositely increased above the SWC. As it is unknown, whether HRV should be expected to increase or decrease in the case of overreaching and overtraining, it is recommended that the HRV based training prescription method includes upper and lower limits for normal area of HRV.
Regardless of the encouraging results to use the present HRV method for training prescription, there are some uncertain issues to solve in future studies. Limitations. HRV measurements performed at home may not be as highly standardized as those performed in laboratory conditions. However, it is impractical to perform the measurements in the laboratory on every morning during the training period. In addition, it is possible to avoid psychophysiological effects of laboratory conditions on HRV by performing the measurements at home. In addition, the present study is limited by its relatively small number of the subjects. Unfortunately, the relatively big number of the drop-outs due to sicknesses and injuries reduced statistical power, especially in comparisons between sexes. It does not allow adequate statistical power to investigate possible sex differences with parametric analyses.
Furthermore, future studies should aim to examine the usefulness of HRV in endurance training prescription among different populations from sedentary individuals to high level endurance athletes.
CONCLUSIONS
The present study expressed that the 3000-m running performance improved only in the RS LT1 , running speed at lactate threshold 1.
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